Abstract-Given the characteristics of hilly terrain wind field is radically distinct from flat terrain wind field due to the interference of hills, the existing calculation methods of flat terrain wind field cannot be adopted directly to conduct a study on the wind-induced response of ultra-high voltage (UHV) transmission tower with higher structure and larger span. In this paper, the effect of two types of mountainous terrains, which include eight different gradients and three different heights, is studied based on a wind tunnel test. The relevant modified formula of topographic effect is proposed considering the variance of mean speed ratio of wind speed and turbulence intensity, and the characteristics of average wind and fluctuating wind are obtained. Based on the proposed wind-field model and test data, a dynamic history analysis of UHV transmission towerline coupled system is conducted by utilizing finite element theory. Meanwhile, a wind-induced fatigue computational method of UHV transmission tower is proposed combining with the joint distribution model and the linear fatigue cumulative damage rule.
INTRODUCTION
UHV transmission tower-line coupled system, which possesses the characteristics of high tower structure and large span, is prone to collapse due to its sensitivity to wind load response. For a long time, the research on wind-induced fatigue of transmission tower system has drawn extensive attention from scholars. Crandall and Winsterstein [5] [6] conducted researches on fatigue cumulative damage of narrow band Gaussian process and non Gaussian process respectively, and Wirsching [7] proposed an equivalent narrow band method based on the concept of equivalent stress amplitude. Holmes [8] proposed a simplified method to estimate the range of windinduced fatigue damage in towering structures considering the average wind speed and distribution of wind angles. Deng et al. [9] utilized equivalent stress method, rain-flow method and equivalent narrow band method to conduct a wind-induced fatigue research on lattice mast structure. Wang et al. [2] conducted a wind-induced fatigue research on transmission tower-line coupled system by using time domain analysis method, and residual life of transmission tower under the wind vibration effect was estimated efficiently. However, UHV transmission towers are in the wind field affected by mountainous terrain during the entire service period in practical engineering. Thus, a wind-induced fatigue computational method of UHV transmission tower is proposed based on linear fatigue damage theory and test data available, and the windinduced fatigue of UHV is analyzed.
II. WIND TUNNEL TEST

A. Overview
The test was conducted in the FL-11 wind tunnel at the low speed center of China aerodynamics research and development center, and the section size of the wind tunnel is 1.4m×1.4m, the length of the test section is 6.3m. The experimental geometric model scale ratio is 1:1000,and the wind speed scale ratio is 1:2.5. The frequency of sampling is 156Hz. The time step of each measuring point is 4096, and the height of the calandria is 0.7m. The distribution of probes was illustrated in Fig.1 .
FIGURE I. THE WIND TUNNEL TEST OF HILLY TERRAIN WIND FIELD
The cosine square type mountain model is selected in the test, and the expression is given as:
The expression of r varies in different mountain models, where r is equivalent to horizontal coordinates x in twodimensional mountain model. While in three-dimensional mountain model, r is equal to ,where C is a shape constant. The mountain height is h, and L represents the horizontal distance from the summit to half the height of the mountain.
The test conditions of two types of mountain terrain are illustrated respectively as follows: (1) 
B. Test results analysis

Test results of the variation of mountain slope The average wind speed in a mountainous terrain has increased compared with the average wind speed at the height of the ground, and the increment is significant near the top of the mountain. Therefore, speed-up ratio is used as a dimensionless parameter to quantitatively describe this acceleration effect in the mountain wind field. The expression is given as:
Where U (z) is the wind speed at the height of z above the ground of mountain, U (z)is the wind speed at the height of z above the flat ground. The results of the test on the impact of different mountain slopes towards the wind field are shown in Fig. 2. Figure4(a) shows that the slope has no effect on the turbulence of the windward slope and its spatial distribution, whereas the average wind speed at the summit is higher than that at the leeward side and windward side; Figure2(b) shows that the average wind speed-up ratio of the lowest measuring point increased slightly with the increment of slope; Figure2(c) shows that the average wind speed-up ratio of the measuring points on the leeward surface varied greatly. Meanwhile, it can be noted that the flow separation was produced on the leeward side as the slope increases, and a vortex was formed with a center wind speed of 0 eventually.
 Test results of the variation of mountain height
With the same slope and different mountain height, the maximum wind speed-up ratio at the windward side, leeward side and the summit of mountain are shown in Table 1 . It could be noted from the analysis that the maximum mountain surface speed-up ratio of windward side is relatively small, and the characteristics of average wind in the wind field remain unchanged; The speed-up ratio at the summit of the mountain increased with the increase of the height, and the speed-up ratio of the ground significantly improved. Meanwhile, the turbulence intensity of three test conditions are derived in Fig.3 . Turbulence increased with the decrease of height away from the ground. The impact of mountain heights on the average wind speedup ratio at the summit and leeward side can be considered in the study of mountain wind field in which the height correction factor can be considered.
The summit of the mountain:
Meanwhile, the impact on mountain heights on fluctuating wind can be considered as:
Where h is the height of a mountain and HG is the gradientwind level.
III. WIND-INDUCED FATIGUE CALCULATION OF UHV TRANSMISSION TOWER-LINE SYSTEM
A. Calculation Method of Wind-Induce Fatigue
The wavelet analysis is adopted to simulate the corresponding wind field, then the time-history analysis of UHV transmission tower-line system on various wind fields is conducted. Thus, the stress time history [σ i,j ] of key members in transmission tower-line system under different wind speeds in all directions can be obtained (wind direction i=1,2,...,16 and  wind speed j=1,2,...,26) . The mean value of stress in the calculation varies with wind speed. Therefore, fatigue analysis should be corrected by Goodman model to obtain the equivalent stress amplitude matrix, given as: 
Obviously, substituting (6) into the following formula as:
The fatigue life of the transmission tower under different wind speeds can be derived as: 
Where A=lgC/m and B=-1/m.C and m are parameters relating to materials, stresses and loading methods, etc. And the fatigue life matrix of transmission tower with different wind speed in different wind direction can be obtained by (8) , given as: 
Meanwhile, the number of transmission tower cycle corresponding to the equivalent stress amplitude can be obtained throughout the statistical analysis: 
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According to Miner cumulative damage theory, which is:
The damage matrix of bars under different wind directions and wind speed is derived as:
Then, according to the wind speed and wind direction data, the joint distribution probability of different wind speeds in each wind direction can be calculated as: 
Therefore, the damage of transmission tower in the whole calculation period T is derived combining with (12) and (13), given as: 
The total damage in T time is obtained by adding each term in the upper right matrix:
Based on the Miner cumulative damage theory, the ultimate fatigue life of transmission tower can be obtained as:
As mentioned above, the fatigue life of the key members in the transmission tower can be calculated and the fatigue life can be predicted.
B. Analysis of Calculation Results
Based on engineering examples and wind tunnel tests [1] [2] [3] , the total height of the UHV long-span transmission tower is employed as 108m, the design strength of the rod is employed as 345MPa, the fatigue parameter of the component material is employed as C= 0.41×1012 and β=3, and the service period is employed as 100 years. The finite element model is shown in Fig.4 .
The fatigue life span of the most unfavorable members of tower-line system at windward side, summit and leeward side under different operating conditions is calculated by using the method of wind-induced fatigue given in Section 2.1.Hence, the fatigue life span of the transmission tower-line system is derived, as shown in Table 2 . It is obvious that the fatigue life of transmission tower decreases with the increase of slope and height of the mountain, and the fatigue life of the tower at the foot of the leeward side decreases gradually with the increase of the distance of the downwind direction. Thus, the life span increases accordingly.
To sum up the above, the wind field at the foot of the leeward surface is greatly affected by the mountain topography in the two types of mountainous terrain. The pulsation characteristic is remarkable and lead to a significant damage towards transmission tower.
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IV. CONCLUSION
(1)The slope of a mountain has limited effect on the average wind and pulsating wind on the upwind surface and the summit of the mountain. However, although the height of the mountain has limited effect on the average wind on the upwind surface and on the top of the mountain, the pulsating wind on the near earth varies with the increase of the height of the mountain; Both of slope and height exert significant impact on the average wind and fluctuating wind of the leeward surface.
(2)In the two types of mountain terrain, the wind field at the foot of the mountain of the leeward side is most affected by the mountain topography, and the fatigue life of the transmission tower is the least, whereas the fatigue life increases with the increase of the downwind distance; The change of transmission tower fatigue life span of windward side and the summit of the mountain is limited.
